Health claims of lactic acid bacteria (LAB) used in functional foods and pharmaceutical preparations are based on the capacity of these microorganisms to stimulate the host immune system. In this study, the antigenic effect of LAB (Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus) on the gut immune system of BALB=c mice was evaluated. A dose-dependent increase of the Bcl2 protein was observed with all LAB assayed. Furthermore, the analysis of cytokine-producing cells in the lamina propria of gut showed that TNFa and INFg values, determined in macrophages cultured from Peyer patches, were enhanced for all the LAB assayed. An important increase of interleukins IL-10 and IL-4 was observed mainly in mice fed with Lactobacillus delbrueckii ssp. bulgaricus or Lactobacillus casei, while a significant induction of IL-2 and IL-12 was only observed with L. acidophilus (P < 0.01). These effects were dose dependent. The role of produced cytokines in the balance Th1=Th2 was determined by a systemic antibody response against parenterally injected ovoalbumin. L. casei, L. delbrueckii ssp. bulgaricus and L. acidophilus enhanced the IgG1 response favouring Th2 balance, while L. acidophilus also increased the IgG2a response inducing Th1 balance. S. thermophilus did not influence the balance Th1=Th2. Our studies showed that lactic acid bacteria induce distinct mucosal cytokine profiles showing different adjuvant capacity among them. Thus, selection of probiotic strain with immunological properties must be well defined to influence cytokine expression that favour the claimed immune response.
Introduction
Lactic acid bacteria (LAB) are frequently used in dairy products because of their health promoting effects (Gibson & Wang, 1994; Lidbeck & Nord, 1993) . These microorganisms are called probiotic (Fuller, 1989) and their beneficial effects, within others, include enhancement of the non-specific and specific immune responses, control of intestinal infections, and anticarcinogenic activity (De Simone et al, 1993 , LinkAmster et al, 1994 Majamaa et al, 1995) . The fact that they are non-pathogenic and safe for human consumption makes LAB attractive as mucosal adjuvant or live vectors for oral vaccines (Mercenier et al, 1995; Boersma et al, 2000) . Since the bacterial properties required for the different applications are clearly distinct, strain selection is very important for a more rational use of these microorganisms.
The capability of the mucosal immune system to act in both immunogenic as well as in a tolerogenic manners, to protect the body against infection and intestinal inflammation, and to induce T cell tolerance against ingested food antigen, led to the study of mechanisms by which LAB induce an appropriate mucosal immune response without side effects. The mucosal immune system is responsible of 60% of the daily production of immunoglobulins (Mestecky & McGhee, 1987) ; however, the experimental induction of immune response at intestinal level has proven difficult. The cytokines released by the associated immune cells, may favour either a Th1 immunogenic response, a Th2 humoral or tolerogenic, or only an inflammatory response (Gonnella et al, 1998) . Moreover, although cytokines contribute to the host defence mechanisms in response to bacterial colonization, when they are secreted in excess may induce immunopathological disorders. It is known that lipopolysaccharide (LPS) of Gram-negative bacteria induce production of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-a) and interleukin-6 (IL-6) (Tracey & Cerami, 1993) . Many components of Gram-positive bacteria pathogenic and non-pathogenic have also been shown to be involved in cytokine production (Heumann et al, 1994; Miettinen et al, 1996) .
In a previous work, we have determined that some lactic acid bacteria can induce different mucosal immune responses (specific or non specific; Vintiñi et al, 2000) . It was suggested that such behaviour was due to the different pathways of internalization of LAB in the gut, which enabled these bacteria to induce different immune responses. It was shown that LAB make contact with the immune system associated to the intestinal mucosal through M cells or follicle associated epithelium (FAE) cells from Peyer's patches or through the epithelial cells of small or large intestine . These findings could explain the diversity of induced mucosal immune response. The interaction of LAB with M cells induces mainly specific immune responses (Neutra & Kraehen Buhl, 1992) , while the interaction with FAE cells induces a non-specific or inflammatory response, even though this mode of entry can also enhance the specific immune response. The interaction with epithelial cells can lead to enhancement of local immunity or non-response by antigen clearance (Campbell et al., 1999; Hershberg & Mayer, 2000) . These studies have also demonstrated the importance of the ecological niche of the microorganism probiotic to elicit a better immunological effect on the small or large intestine . These observations lead us to investigate in the present paper other potential mechanisms induced by LAB such as the ability to increase the levels of Bcl2, a protein responsible of cellular activation, to modulate cytokine production, and the influence of these immunologic mediators in the balance Th1=Th2. This information would allow us to assess the role of bacterial interaction with the gut immune cells and the quality of the immune response induced, in order to establish the correct use of probiotics as oral adjuvants.
Materials and methods

Animals
BALBc mice weighing 25 -28 g (6 weeks of age) were obtained from the random-bred colony kept in our department at the Institute of Microbiology. Each experimental group consisted of three mice per day of LAB administration. Each assay was performed by duplicate or triplicate.
Microorganisms
The bacterial strains used were L. casei CRL 431, L. acidophilus CRL 730, L. delbrueckii ssp. bulgaricus CRL 423 and S. thermophilus CRL 412, from the CERELA culture collection.
L. casei, L. acidophilus and L. delbrueckii ssp. bulgaricus were cultured for 18 h at 37 C in MRS; S. thermophilus was cultured 8 h at 45 C in LAPTg (lactose, peptone, tryptone -glucose) broth. Cells were harvested by centrifugation at 5000g for 10 min, and washed three times with sterile saline solution.
Feeding procedure
Mice were fed daily with each culture of LAB at 10 9 CFU= day=animal for 2, 5 or 7 consecutive days. The cultures, suspended in sterile 10% non-fat milk (NFM) were administered at 20% v=v in the drinking water. The control group received sterile milk (NFM) 10% in the drinking water, given under the same conditions as those used for the test groups.
Histological samples
At the end of each period of feeding, animals were sacrificed and the small intestine was removed for histological preparation following Sainte Marie technique (Sainte Marie, 1962) for paraffin inclusion.
Measurement of Bcl2 protein
After deparaffinisation and rehydration in a graded series of ethanol, paraffin sections (4 mm) were incubated with a 1% blocking solution of BSA-Hank for 30 min. Hamster antimouse Bcl2 monoclonal antibodies (diluted in saponin-HBSS) were applied to the sections for 75 min at room temperature. The sections were then treated with rabbit anti-hamster fluorescein isothiocyanate for 45 min at room temperature, and washed in saponin -HBSS. The number of fluorescent cells was counted in 30 fields 1000Â magnification. The results were expressed as number of cells in 10 fields of vision.
Immunohistochemical detection of cytokine-producing cells TNF-a, IFN-g, IL-12, IL-2, IL-4 and IL-10 were determined on histological slices from small intestine on three samples from each experimental and control group by immunohistochemical test, using rabbit anti-mouse cytokine policlonal antibodies diluted in saponin-Hank balanced saline solution (HBSS) and a goat anti-rabbit antibody conjugated with fluorescein isothiocyanate. The number of fluorescent cells was counted in 30 fields 1000Â magnification. The results were expressed as number of cells in 10 fields.
with 20 mg of ovoalbumin in PBS. Serum was collected on days 7 and 10. Specific antibodies IgG1 or IgG2a against ovoalbumin were detected by an ELISA test using rabbit antimouse IgG1 or IgG2a or total IgG. Relative concentrations of IgG1 or IgG2a were calculated after subtraction of the absorbance of preimmune sera at the corresponding dilutions. A reference curve was used for the calculation of the relative concentrations of IgG1 or IgG2a in arbitrary units (AU).
Isolation of adherent cells from Peyer's patches and TNF-a and IFN-g determination After feeding periods with different LAB, the small intestine of each mouse was removed, washed and the intestinal tissue was examined for the presence of Peyer's patches which were excised in HBSS with added foetal bovine serum (FBS). The epithelium cells were separated with a HBSS=FBS solution containing EDTA. The mononuclear cells (sediment) were incubated with Dispase=DNase solution and the lymphocytes were recovered. The adherent cells were separated on glass slides and fixed with formalin. The cells were then incubated with 1% blocking solution of BSA=PBS, washed with PBS and incubated with normal goat serum (diluted 1=10). The activity of the endogenous peroxidase was blocked with H 2 O 2 -methanol solution. The cells were then incubated with avidin and biotin blocking solution, followed by rat anti-mouse cytokine (TNF-a or IFN-g) polyclonal antibodies and finally with a goat anti-rat antibody conjugated with peroxidase. Vectastaine Elite ABC solution (Vector Labs, USA) was added to the cells, which were then incubated with 3,3-diaminobenzidine tetrahydrochloride. The results were expressed as percentage of positive cells (counted at 1000Â).
Statistical analysis
Data were expressed as the mean (M) of n independent experiments AE standard errors of the mean (s.e.m.). Student's test was used to calculate the statistical significance of the results.
Results
Effect of LAB on Bcl2 protein levels All LAB assayed induced the expression of high levels of Bcl2 protein in the mucosa intestinal immune cells, in relation to the non-stimulated control cells. The effect was more remarkable in mice fed with L. casei and L. delbrueckii ssp. bulgaricus (P < 0.01). The increase of Bcl2 protein was dose dependent. Results are expressed in Figure 1 .
Modulation of cytokine expression by LAB
The number of positive cytokine producing cells differed with the cytokine assayed and with the LAB administered. As it is shown in Figure 2 , the observed effect on cytokine expression was also dose dependent. All LAB assayed induced a significant increase (P < 0.01) of TNF-a and IFN-g as well as of IL-10 and IL-4, although in the later case variable values were observed in relation with the dose administered. The increase of IL-4 was only remarkable after 7 days with L. delbrueckii ssp. bulgaricus (P < 0.01) and after 2 days with L. casei (P < 0.01). An increased release of IL-12 was observed only in mice fed with L. acidophilus for 7 days and for 2 and 7 days, respectively (Figure 2 ).
Influence of oral LAB administration in the balance Th1=Th2 population
The ability of LAB to influence the systemic immune response, that is Th1 cells, Th2 cells or both, either by inducing a delayed hypersensitivity humoral or tolerogenic response, was determined respectively by measuring the ovoalbumin specific antibody [IgG1 (Th2) or IgG2a (Th1)] activation in mice sera. Differences in specific IgG1 or IgG2a were found. Most of the assayed strains did not show any effect on Th1 populations with levels of IgG2a even lower than the immunized unfed control; only L. acidophilus induced a significant increase (P < 0.01) in IgG2a levels.
Regarding the values for IgG1, they were increased in the case of L. delbrueckii ssp. bulgaricus for 2 and 5 days, L. casei for 5 and 7 days and L. acidophilus for 2 and 7 days. S. thermophilus did not influence the Th2 population and Detection of TNF-a or IFN-g in cells from Peyer's patches TNF-a or IFN-g were measured on different samples of adherent cells from Peyer's patches. A significant dose-dependent increase in the TNF-a values (P < 0.01), as regards the control, was observed with all LAB tested. As regard to IFN-g, it was enhanced for 2, 5 and 7 days of L. casei and for 2 and 5 days of S. thermophilus. For L. delbrueckii ssp. bulgaricus and L.
acidophilus, IFN-g values were increased for 2 and 7 days. These results are shown in Table 1 .
Discussion
The natural route for most pathogens to enter into the body is via mucosa. In the development of vaccine, attenuated or genetically modified pathogens have been applied considering the natural route of entrance. However, this practice involves a risk of side effects such as gut inflammation. It has been shown that probiotic microorganisms influence the systemic and mucosal immune systems (Perdigó n & Oliver, 2000; Perdigó n & Pesce de Ruiz Holgado, 2000). This adjuvanticity property of LAB led us to consider new oral vaccine strategies using Lactobacillus as live delivery vehicles of antigens (Tejada-Simon et al, 1999) . Initially, the immunomodulating capacity of LAB was only referred to the induction of antibody production or the cellular response. Actually, considering the important role played by biological messengers as cytokines in the balance of the immune response, a lot of research work has been done to demonstrate the influence of LAB in the cytokine release signalling pathways for the production of cytokines (Agarwal et al, 1995; Miettinen et al, 1996 Miettinen et al, , 2000 Maassen et al, 2000) .
In this study, we demonstrated that the mucosal immune stimulation induced by oral administration of LAB influenced the balance Th1=Th2 (cellular or humoral response) due to different patterns of cytokine release. Our results showed that all LAB strains induced high levels of expression of the Bcl2 protein, indicating an activation of the Bcl2 gene (Figure 1) . These results imply that LAB can interact with the immune cells associated with the gut and induce their activation signals. The analysis of the released cytokines indicated that LAB differed in their abilities to stimulate pro-inflammatory cytokines such as TNF-a, IFN-g or IL-12. It is very well demonstrated that the cell wall structures of pathogenic Gram-negative bacteria as well as of non-pathogenic Gram-positive microorganisms act as excellent inducers of these inflammatory cytokines (Kitazawa et al, 1992; Heumann et al, 1994; Breuninger et al, 1994; Mancuso et al, 1994) . According to these previous studies, our results may suggest that the surface properties of LAB are important in determining an immune response and that the different immune responses observed among the LAB assayed may be due to differences in their cell wall structures.
The most remarkable effect was observed for the production of anti-inflammatory cytokines such as IL-4 or IL-10 ( Figure 2 ). The high levels detected for IL-4 with most bacteria, and the knowledge that Th1 cells stimulate IgG2a antibodies production, whereas IgG1 antibodies are induced under control of Th2 (cytokine IL4) (Martin & Lew, 1998) , led us to analyse the antibody isotype against ovoalbumin induced after oral administration of LAB. It was shown that L. casei, L. delbrueckii ssp. bulgaricus and L. acidophilus affect the systemic humoral immune response (Figure 3 ). This finding should be considered in the selection of Lactobacilli strains as vectors for oral vaccine. When TNF-a and IFN-g levels were Figure 3 Influence of LAB administration on the Th1=Th2 population IgG1 (Th2 response) or IgG2a (Th1 response) antiovoalbumin was determined by ELISA test in the sera of animals intraperitoneally injected with the antigen which had been previously fed with the differents LAB. analysed in adherent cells, from Peyer's patches, it was found that most of the IFN-g detected in the histological slices was not due to a release from Th1 cells but from the adherent cells like macrophages or dendritic cells. This observation agrees with recent evidences that macrophages or dendritic cells are IFN-g good producers (Frucht et al, 2001) . Thus, the dose-dependent inflammatory response induced by the LAB assayed would be mediated by macrophage or dendritic activation, rather than by Th1 activation.
In conclusion, we demonstrated that orally administered live LAB can modulate the systemic immune response according to the elicited cytokine profiles, and that the immune response obtained is highly related to the dose administered.
